Introduction
Bone marrow (BM) examination is an essential tool in evaluation and staging of non-Hodgkin lymphoma (NHL) at the time of initial diagnosis as well as after therapy. The documentation of BM involvement results in clinical stage IV, upgrades the international prognostic index (IPI), and affects survival and therapeutic strategies for NHL.
Bilateral iliac crest BM biopsies of 1.5 to 2 cm length and step sections for morphologic view are mandatory for detection of small focal lesions accompanied by secondary changes such as fibrosis and necrosis that may not be readily detected in aspirate smear preparations, thereby increasing the yield of possible diagnosis. 1 Several studies regarding the bone marrow involvement (BMI) in NHL are mentioned in the literature. 2, 3 We herein describe in detail the incidence, morphologic and histopathologic patterns with immunohistochemistry of BMI of NHL along with approach to the use of unilateral versus bilateral BM sampling in lymphoproliferative disorders for diagnosis and staging, which were classified according to the 2016 World Health Organization (WHO) classification of lymphoid neoplasm. To our knowledge, this is the largest case series of BMI by NHL from a developing country.
Materials and Methods
All cases (414) diagnosed as lymphoproliferative disorders on histomorphology and immunohistochemistry (IHC) from January 2014 to January 2017 were studied. These cases were assessed for the occurrence of BMI and architectural features including involvement pattern (paratrabecular, interstitial [nodular and intrasinusoidal], diffuse and mixed patterns) and presence/absence of background changes (granuloma, stromal fibrosis, necrosis, and eosinophils). Bilateral BM biopsies were obtained using the conventional technique with a Jamshidi needle from the posterior superior iliac spines under local anesthesia in all the cases for staging workup. The biopsies were fixed in 10% formalin solution and decalcified using 10% Formic acid and 5% Formaldehyde solution for 4 to 6 hours, followed by routine processing and paraffin embedding. 4 Serial sections of 3 to 4 µm thickness were cut and stained by hematoxylin and eosin (H&E) and supplemented with immune stains. Sections with at least five well-preserved marrow spaces were studied for cellularity, normal hematologic elements, presence of infiltration, histologic pattern and morphology of infiltration 
Results

Demographic and Clinical Aspects
During the study period, 414 cases of lymphoproliferative disorders were diagnosed at our institute. These cases included 325 NHL cases and 89 cases of Hodgkin's lymphoma (HL). All these cases had BM biopsy for staging workup. Of these, 109 cases had BMI (B-NHL = 87 [79.8%]; T-NHL = 21 [19.1%]; HL = 1 [0.1%]). The cases included age range from 2 to 80 years, with a median age of 42 years. There was a male predominance with male-to-female ratio of 1.5:1. Lymphadenopathy was the most common presentation, followed by extranodal involvement in 49 cases.
Histopathologic Aspects
Histopathology slides were reviewed in all the cases. Among B-cell lymphomas, BMI was most frequent in CLL (29/87) 34.4%, followed by LL (16/87) 18.3%, and MCL (11/87) 13%. A single case of BL had BMI (1/87) 1.1%. Among all the B-cell lymphomas, the lowest incidence of BMI was seen in high-grade lymphomas such as DLBCL 5.6% (7/125) and Burkitt's lymphoma 5% (1/20). The incidence of BMI in all the subtypes of NHL in relation to WHO classification is shown in ►Table 1. Among T-cell lymphomas, BMI was most frequent in lymphoblastic lymphoma (LL). A single case of anaplastic large cell lymphoma (ALCL) had BMI. Peripheral blood involvement was seen in 14/109 cases.
Bone marrow aspiration (BMA) and bone marrow trephine (BMT) agreed in 97% of cases (401 of 414: 308 both negative, 93 both positive). In the remaining 3%, 13 cases were positive on BMT and negative on BMA.
The predominant histologic pattern of involvement by a lymphomatous infiltrate was mixed (48.6%, 53/109), followed by diffuse (44%, 48/109) and interstitial (7.3%, 8/109) (►Figs. 1, 2).
Of the mixed pattern, 28 of the 53 cases had predominantly interstitial involvement and comprised mainly DLBCL (6 cases), FL (2 cases) and CLL (20 cases). Four of the five FL cases showed predilection for paratrabecular area with paratrabecular only pattern in two cases. The other lymphomas showing paratrabecular pattern were MCL, MZL, and peripheral T-cell (PTC) lymphoma. Interstitial pattern was more frequent in CLL and MCL. Diffuse, interstitial, and focal patterns were seen in T-cell neoplasms. Focal nodular pattern was found in most lymphomas, either as a distinct pattern or a part of mixed pattern. A discordant histology between BM and primary anatomic site (lymph node) was found in 28.5% (2/7) of the DLBCL cases. Discordance was not seen in any other type of lymphoma.
Bone Marrow Background Changes
The background changes of 109 involved BMT included necrosis (8 cases), eosinophilia (5 cases), granuloma (2 cases), and fibrosis (20 cases) (►Table 2).
Discussion
BM examination is an important procedure in the diagnosis and management of patients with lymphoma. BMI by malignant lymphoma indicates stage IV disease, and hence bilateral BM biopsy was recommended with trephine biopsy being preferred to BMA for detecting marrow infiltration. 6 The incidence and progression to BMI varies according to various histologic subtypes of lymphoma. We used the 2016 WHO classification of lymphoid neoplasm to classify the histology on the primary anatomic site for correlating with the marrow histology.
In our study, BMI was found in all age groups with no obvious sex differences. Different patterns of BM infiltration are described in lymphomas: paratrabecular, interstitial, diffuse, and mixed. Mixed pattern was more common in our study, which was similarly seen by Arber and George. 7 However, this varied from the findings of Foucar et al, who showed predominantly focal pattern (70%). 8 The difference could be due to the larger number of cases studied by them and the fact that there were more FLs in their study. Marrow infiltration suggests a poor prognosis, especially the diffuse pattern 9 that was seen in 44.4% (48/108) of the cases.
In this study, BM was involved by lymphoma in 26.3% (109/414) cases. Other studies have described a considerable variation in the BMI in lymphoproliferative disorders, ranging between 29.6 and 53%. 10 The variation in previous studies and the present one can be due to inclusion of unequal proportions of patients with early and advanced disease. In addition, the inclusion of different proportions of various histologic subtypes of lymphomas in the different studies may account for this variation as the incidence of BM pathology varies greatly according to the histological subtypes.
Incidence of BMI was high in LL (100% in BLL = 16/16; 100% in TLL = 19/19) and CLL (100% [30/30]), while the incidence of BMI was very low in high-grade lymphomas such as DLBCL 5.6% (7/125) and Burkitt's lymphoma 5% (1/20), which was similarly seen in a study by Shi et al. 11 Incidence of BMI in MCL was 60% (12/20), which was relatively higher Fig. 1 (A, B) Trephine biopsy, interstitial pattern in chronic lymphoblastic lymphoma on H&E and CD20 (×100). (C-E) Same case positive for CD5, CD23, and bcl2 (×100). (F, G) Paratrabecular pattern in follicular lymphoma with H&E and CD20 (×100). (H-J) Immunohistochemistry with CD10 in bone marrow and CD20, bcl2 in lymph node, respectively (×100). (K-O) Peripheral blood spill and interstitial pattern in mantle cell lymphoma on H&E, CD20, CD5, and cyclin D1 (×100). (P-T) Peripheral spill with interstitial and sinusoidal pattern in marginal zone lymphoma on H&E, CD20, CD10, and bcl2 (×400) (×100). 83% (39/46) in Cohen et al. 12 The reason is less number of cases and patients diagnosed at an early phase of disease in our study. Incidence of BMI of ALCL was 12.5% (1/8), which was similarly shown as 19% (8/42) by Fraga et al. 13 Incidence of BMI in HL in our study was 1.1% (1/89). Concordant BMI is defined as similar morphology of cells in both primary site and bone marrow. Large cells in DLBCL is a concordant finding and is associated with poorer prognosis and increased risk of central nervous system (CNS) relapse. Discordant BMI is defined as discordance in the morphology of cells in bone marrow when compared with the primary site. A discordant histology between the BM and the primary anatomic site was encountered in 28.5% (2/7) of the DLBCL cases, which is similar to 16 to 40% reported in the literature with this same histologic subtype of lymphomas. Discordance was not seen in any other type of lymphomas in our study.
Conclusion
This study highlights the incidence and different patterns of BMI, background changes, and discordance between BM morphology and primary site histology. A discordant histology between BM and primary anatomic site was found in 28.5% (2/7) of the DLBCL cases.
BMA and BMT agreed in 97% of cases (401 of 414: 308 both negative, 93 both positive). BMT biopsy showed involvement of lymphoma in 26.3% cases, with unilateral positivity in only four cases. Therefore, bilateral and generous BM biopsy should be performed routinely for adequacy and to identify tiny focal involvement, thereby increasing the yield of possible diagnosis.
